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ABSTRACT
We study price convergence between the two major markets for wholesale electricity in
California from their deregulation in April 1998 through November 2000, nearly the end of trading in one
market. We would expect profit-maximizing traders to have eliminated persistent price differences
between the markets. Institutional impediments and traders' incomplete understanding of the markets,
however, could have delayed or prevented price convergence. We find that the two benchmark electricity
prices in California -- the Power Exchange's day-ahead price and the Independent System Operator's
real-time price -- differed substantially after the markets opened but then appeared to be converging by
the beginning of 2000. Starting in May 2000, however, price levels and price differences increased
dramatically. We consider several explanations for the significant price differences and conclude that
rapidly changing market rules and market fundamentals, including one buyer's attempt to exercise a form
of monopsony power, made it difficult for traders to take advantage of opportunities that ex post appear
to have been profitable.
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4Zh ghvfuleh wkh lqvwlwxwlrqv wkdw zhuh lq sodfh gxulqj 4<<;05333/ wkh wlph shulrg zh vwxg|1
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7Qrwh wkdw wkh glvfxvvlrq lq wklv vhfwlrq uholhv rq wkhuh ehlqj d vx￿flhqw qxpehu ri frpshwlwlyh hqwlwlhv
deoh wr wdnh dgydqwdjh ri dq| vsrw2iruzdug sulfh gl￿huhqfhv1 Lw grhv qrw uho| rq shuihfw frpshwlwlrq lq wkh
surgxfwlrq ri hohfwulflw|1 Hyhq li frqvlghudeoh pdunhw srzhu h{lvwv lq wkh hohfwulflw| vxsso|/ zh zrxog vwloo
h{shfw qr v|vwhpdwlf sulfh gl￿huhqfh ehwzhhq iruzdug dqg h{shfwhg vsrw sulfhv li erwk pdunhwv frqwlqxh
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wkuhh krxuv ehiruh wkh krxu ri rshudwlrq ehjdq1 Diwhu wkdw/ lw zdv rshudwhg dv d _gd|0ri% pdunhw/ zklfk
zdv rshq wkuhh wlphv shu gd|/ hdfk wlph fryhulqj gl￿huhqw eorfnv ri krxuv wkdw zhuh iurp 8 wr 45 krxuv
lq wkh ixwxuh1 Wklv pdunhw zdv qrw sduwlfxoduo| vxffhvvixo lq hlwkhu frq￿jxudwlrq= wudglqj yroxphv zhuh
orz dqg lq pruh wkdq 58( ri doo krxuv qr wudqvdfwlrqv wrrn sodfh1
44Gdwd zhuh qrw dydlodeoh iru Dsulo0Mxqh 4<<;1 Wudglqj rq wkh S[ hqghg lq Mdqxdu| 5334/ vr wkh gdwd
vhulhv hqgv wkhuh1
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krxu0dkhdg vfkhgxohv +KD, dqg dfwxdo uhdo0wlph ordg +UW,1 Wrwdo yroxph/ iurp doo wkuhh vhwv ri pdunhwv
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58Zh hvwlpdwh e| ROV dqg uhsruw Qhzh|0Zhvw vwdqgdug huuruv +dvvxplqj dq PD+4, huuru surfhvv iru
erwk hduo| dqg odwh uhjuhvvlrqv,/ udwkhu wkdq xvlqj d JOV surfhgxuh wkdw fruuhfwv iru dq PD+4, huuru
surfhvv/ ehfdxvh wkhuh lv dovr vxevwdqwldo khwhurvnhgdvwlflw|1 Wkh huuru yduldqfh lv pxfk juhdwhu gxulqj
prqwkv ri kljk dyhudjh sulfhv1
59Dv h{sodlqhg lq vhfwlrq 6/ vlqfh wkh ehjlqqlqj ri wkh pdunhw/ vhoohuv lq wkh uhdo0wlph pdunhw frxog
srwhqwldoo| hduq qrw mxvw hqhuj|/ exw dovr fdsdflw| uhvhuyh sd|phqwv1 Wkh ulvn dvvrfldwhg zlwk ehlqj
irupdoo| lq wkh uhsodfhphqw uhvhuyh pdunhw/ krzhyhu/ zdv wkdw wkh xqlw zrxog eh fdoohg wr jhqhudwh rqo|
li wkh LVR qhhghg wr lqfuhphqw jhqhudwlrq/ vr fdsdflw| uhvhuyh sd|phqwv fdph zlwk vrph ulvn1 Xqwlo odwh
Dxjxvw 4<<</ wkh ex|huv lq uhdo0wlph idfhg qrqh ri wkhvh frvwv ehfdxvh wkh| zhuh vsuhdg dfurvv doo gd|0
dkhdg vfkhgxohg wudqvdfwlrqv1 Vlqfh Dxjxvw 4<<</ wkh frvwv ri wkhvh uhvhuyh sd|phqwv kdyh ehhq eruqh
glvsursruwlrqdwho| e| uhdo0wlph ex|huv1 Dq h{wuhph lqwhusuhwdwlrq ri wkhvh uxohv zrxog eh wr frqvlghu
uhsodfhphqw uhvhuyh sd|phqwv wr eh sduw ri wkh ixoo LVR sulfh/ vr wkdw wkh whvw ri pdunhw h￿flhqf| zrxog
eh wr frpsduh wkh LVR sulfh soxv uhsodfhphqw uhvhuyh sulfh wr wkh S[/ LVR.U0S[1 Wkh uhvxowv xvlqj
LVR.U0S[ dv wkh sulfh vsuhdg duh odujho| frqvlvwhqw zlwk wkrvh lq wdeohv 6 dqg 7/ lq odujh sduw ehfdxvh
uhsodfhphqw uhvhuyh fdsdflw| sd|phqwv zhuh yhu| forvh wr }hur gxulqj prvw shulrgv1/
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5<Lw lv srvvleoh wkdw wudghuv rq rqh vlgh zloo vwulfwo| suhihu wkh pdunhw zlwk wkh orzhu gluhfw wudglqj
frvwv/ hyhq ehiruh dffrxqwlqj iru wkh wudglqj frvwv/ lq zklfk fdvh wkh htxloleulxp sulfh vsuhdg ehwzhhq wkh
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63Vhh/ iru h{dpsoh/ Fkdswhu : lq O|rqv +5334,1
64Gxulqj wzr zhhnv lq wkh Vrxwk gxulqj wkh Hduo| krxuv dqg rqh zhhn lq wkh Qruwk gxulqj Hduo| krxuv/
wkh dyhudjh LVR sulfh zdv qhjdwlyh dw d wlph wkdw wkh uxoh lpsolhg sxufkdvh iurp wkh LVR/ vr wkh wudglqj
uxoh zrxog lpso| d qhjdwlyh lqyhvwphqw1 Zh gurs wkhvh zhhnv iurp wkh Vkdush udwlr fdofxodwlrq/ vlqfh
wkh| lpso| lq h￿hfw lq￿qlwh srvlwlyh uhwxuqv1 Gursslqj wkhvh revhuydwlrqv eldvhv grzqzdug wkh udwlrv1
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65Zh xvhg wkh wudglqj uxohv dqg sulfhv iru wkh odwh krxuv lq wkh Qruwk wr ghwhuplqh wkh dprxqw lqyhvwhg
lq wkh V)S1 Wkh uhvxowv duh yluwxdoo| wkh vdph li zh xvh d gl￿huhqw }rqh2shulrg1
66Vkdush udwlrv edvhg rq wkh prqwko| wudglqj uxohv zhuh yhu| vlplodu1
67Lqghhg/ Nqlwwho dqg Urehuwv +5333, ￿qg wkdw wkh sdudphwhuv dvvrfldwhg zlwk d ydulhw| ri ￿qdqfldo
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6:Wkhvh ￿jxuhv duh fdofxodwhg iurp LVR0lqvwuxfwhg uhdo0wlph surgxfwlrq +lq wkh qxphudwru, dqg wrwdo
xqlw jhqhudwlrq +lq wkh ghqrplqdwru,1 Dv ri wklv zulwlqj/ gdwd iru wkh qxphudwru duh dydlodeoh rqo| edfn
wr Iheuxdu| 4<<</ vr wkh ￿jxuh vwduwv dw wkdw gdwh1
6;Rqh pljkw dvn zk| HZJv zhuh vhoolqj dq| rxwsxw wkurxjk wkh S[ e| Vhswhpehu1 Rqh h{sodqdwlrq
lv wkdw dq| rxwsxw vrog wkurxjk wkh S[*v eorfn iruzdug frqwudfwv zdv uhtxluhg wr eh gholyhuhg wkurxjk
wkh S[ gd|0dkhdg pdunhw1 Wkh HZJv glg vhoo vxfk frqwudfwv/ exw zh kdyh qrw ehhq deoh wr rewdlq gdwd
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Monthly Average Trading Volumes in the Forward and Spot Markets









% HA > 
DA
% RT > 
HA
DA / RT DA / RT if 
< 1
Jul-98 91.6% 3.6% 4.7% 29,646 76.0% 70.6% 0.933 0.924
Aug-98 91.6% 4.6% 3.8% 31,057 75.2% 68.8% 0.927 0.917
Sep-98 92.6% 4.1% 3.3% 28,274 66.4% 52.1% 0.951 0.924
Oct-98 94.3% 3.5% 2.3% 24,601 70.1% 55.6% 0.957 0.943
Nov-98 94.3% 3.4% 2.3% 23,927 66.3% 52.8% 0.960 0.939
Dec-98 93.1% 4.0% 2.9% 25,045 73.3% 63.7% 0.947 0.930
Jan-99 92.1% 4.7% 3.2% 24,399 74.7% 66.6% 0.936 0.920
Feb-99 91.2% 4.8% 3.9% 24,322 75.9% 83.3% 0.916 0.909
Mar-99 91.6% 5.5% 2.9% 24,728 75.9% 71.4% 0.926 0.916
Apr-99 92.2% 4.9% 3.0% 24,747 76.1% 53.1% 0.944 0.927
May-99 91.9% 4.6% 3.4% 24,743 70.5% 62.5% 0.941 0.918
Jun-99 91.2% 5.8% 3.0% 27,227 74.8% 52.3% 0.934 0.912
Jul-99 91.2% 5.0% 3.8% 30,150 78.2% 37.5% 0.953 0.922
Aug-99 91.4% 5.0% 3.7% 30,063 72.3% 48.9% 0.945 0.915
Sep-99 91.9% 5.2% 2.9% 28,517 77.5% 52.1% 0.939 0.916
Oct-99 92.3% 4.2% 3.5% 27,826 72.6% 43.5% 0.958 0.930
Nov-99 92.9% 3.9% 3.2% 26,324 72.9% 35.2% 0.973 0.931
Dec-99 92.6% 4.9% 2.5% 26,460 82.2% 52.9% 0.946 0.921
Jan-00 92.6% 4.7% 2.7% 26,296 79.6% 42.7% 0.954 0.922
Feb-00 90.9% 5.1% 4.0% 25,725 82.5% 80.7% 0.914 0.906
Mar-00 88.2% 5.4% 6.3% 25,623 83.7% 86.7% 0.886 0.876
Apr-00 91.0% 4.5% 4.5% 25,692 83.1% 71.3% 0.923 0.908
May-00 88.9% 5.1% 5.9% 26,968 88.8% 87.9% 0.892 0.887
Jun-00 89.0% 5.7% 5.3% 30,424 89.1% 67.9% 0.903 0.885
Jul-00 90.3% 5.1% 4.7% 29,927 92.7% 71.8% 0.916 0.900
Aug-00 85.8% 5.5% 8.7% 31,331 90.7% 80.9% 0.864 0.859
Sep-00 89.6% 4.7% 5.7% 29,032 86.9% 68.1% 0.908 0.897
Oct-00 92.1% 4.4% 3.5% 27,294 71.2% 42.8% 0.962 0.931
Nov-00 90.4% 4.1% 5.5% 26,254 82.8% 74.1% 0.916 0.901
Dec-00 83.8% 3.8% 12.3% 26,116 85.3% 95.2% 0.839 0.839
Jan-01 86.8% 3.9% 9.3% 25,330 79.2% 90.2% 0.871 0.866Table 2
Price Summary Statistics April 1998-November 2000 ($/MWh)
Variable Mean Std Dev Skewness Kurtosis Min Max
PX North 46.89 56.86 5.53 58.53 0.00 1099.99
PX South 44.30 58.83 5.22 41.84 0.00 750.00
ISO North 54.80 77.67 3.67 23.26 -325.60 750.00
ISO South 45.20 71.77 4.64 34.99 -428.15 750.00
ISO-PX North 7.92 52.57 1.68 44.44 -709.01 689.85
ISO-PX South 0.91 50.85 1.43 50.88 -709.01 688.93Table 3
Panel A: Dependent Variable is ISO-PX in NP15 (Newey-West 1 day lag MA structure)
Early Hours 1-6 Late Hours 8-24
Month OLS Coef Percent PX Percent ISO N-W SE N-W P-value OLS Coef Percent PX Percent ISO N-W SE N-W P-value
April, 1998 -3.484 0.239 0.314 1.807 0.054 -1.556 0.061 0.065 1.127 0.168
May -1.876 0.461 0.857 0.821 0.023 -2.860 0.189 0.234 1.428 0.045
June -1.153 0.434 0.766 0.461 0.013 -4.856 0.301 0.431 1.905 0.011
July -6.133 0.344 0.524 1.554 0.000 -4.203 0.109 0.122 4.555 0.356
August 0.280 0.012 0.012 1.215 0.818 9.206 0.204 0.169 4.519 0.042
September 3.517 0.147 0.128 1.040 0.001 8.255 0.217 0.178 4.301 0.055
October 8.922 0.381 0.276 1.208 0.000 6.776 0.230 0.187 1.263 0.000
November 3.717 0.155 0.134 1.180 0.002 3.108 0.109 0.098 0.833 0.000
December -3.681 0.134 0.155 2.444 0.132 0.432 0.014 0.014 2.266 0.849
January, 1999 -1.321 0.084 0.092 1.034 0.202 -2.194 0.092 0.101 0.689 0.001
February -1.052 0.079 0.086 0.568 0.064 0.178 0.008 0.008 0.478 0.710
March -1.934 0.140 0.163 0.931 0.038 1.218 0.056 0.053 1.033 0.238
April -0.273 0.016 0.016 0.852 0.749 1.787 0.067 0.063 2.637 0.498
May -2.364 0.170 0.205 1.190 0.047 -4.793 0.171 0.207 1.355 0.000
June -2.706 0.267 0.364 1.113 0.015 -2.007 0.067 0.072 3.607 0.578
July -11.289 0.585 1.409 4.662 0.016 -9.278 0.248 0.329 4.847 0.056
August -2.021 0.095 0.104 1.454 0.165 3.382 0.085 0.078 5.718 0.554
September 0.764 0.026 0.025 1.730 0.659 2.464 0.058 0.055 5.123 0.631
October -0.968 0.026 0.027 3.094 0.754 7.758 0.123 0.110 8.045 0.335
November 6.637 0.242 0.195 3.128 0.034 11.420 0.274 0.215 4.768 0.017
December 1.506 0.063 0.059 1.678 0.370 3.481 0.110 0.099 1.100 0.002
January, 2000 1.364 0.053 0.051 1.616 0.399 1.968 0.059 0.056 1.411 0.163
February 1.080 0.042 0.040 1.334 0.418 -1.203 0.038 0.040 1.437 0.402
March -2.039 0.092 0.102 1.157 0.078 1.785 0.059 0.056 1.372 0.193
April -1.714 0.115 0.130 2.062 0.406 3.100 0.101 0.092 3.768 0.411
May 14.348 0.575 0.365 3.820 0.000 6.546 0.117 0.105 11.080 0.555
June 11.805 0.228 0.186 7.156 0.099 3.966 0.025 0.025 31.250 0.899
July 22.663 0.458 0.314 9.693 0.020 36.134 0.357 0.263 12.072 0.003
August 41.223 0.476 0.323 5.447 0.000 54.344 0.331 0.249 12.819 0.000
September 56.180 0.683 0.406 10.471 0.000 68.311 0.572 0.364 9.125 0.000
October 42.986 0.513 0.339 7.613 0.000 39.985 0.370 0.270 5.402 0.000
November 33.580 0.224 0.183 11.229 0.003 25.448 0.142 0.124 8.864 0.004Table 4.
Panel B: Dependent Variable is ISO-PX in SP15 (Newey-West 1 day lag MA structure)
Early Hours 1-6 Late Hours 8-24
Month OLS Coef Percent PX Percent ISO N-W SE N-W P-value OLS Coef Percent PX Percent ISO N-W SE N-W P-value
April, 1998 -4.162 0.286 0.400 1.684 0.014 -1.578 0.062 0.066 1.126 0.162
May -1.876 0.461 0.857 0.821 0.023 -1.767 0.117 0.133 2.059 0.391
June -1.114 0.426 0.741 0.454 0.014 -4.994 0.307 0.443 1.799 0.006
July -5.794 0.332 0.497 1.595 0.000 -5.354 0.135 0.156 4.789 0.264
August -3.398 0.157 0.187 1.580 0.032 6.389 0.135 0.119 4.793 0.183
September -1.475 0.070 0.076 1.741 0.397 3.310 0.087 0.080 3.814 0.386
October 2.406 0.177 0.152 1.666 0.149 4.381 0.157 0.137 1.389 0.002
November 2.489 0.225 0.183 1.254 0.048 0.815 0.030 0.029 0.668 0.223
December -1.397 0.080 0.087 1.569 0.373 -0.275 0.009 0.009 2.149 0.898
January, 1999 -0.300 0.022 0.022 1.138 0.792 -2.009 0.085 0.093 0.694 0.004
February -1.030 0.078 0.084 0.566 0.069 0.171 0.008 0.008 0.478 0.721
March -1.110 0.086 0.094 0.946 0.241 1.274 0.058 0.055 1.016 0.210
April -0.273 0.016 0.016 0.852 0.749 1.679 0.063 0.059 2.647 0.526
May -2.330 0.168 0.202 1.181 0.049 -4.793 0.171 0.207 1.355 0.000
June -1.960 0.209 0.264 1.063 0.066 -1.965 0.066 0.071 3.637 0.589
July -7.089 0.469 0.885 4.083 0.083 -7.857 0.218 0.279 5.438 0.149
August -3.300 0.170 0.205 1.735 0.057 3.677 0.096 0.088 4.894 0.453
September -0.136 0.008 0.008 2.162 0.950 5.340 0.158 0.136 5.826 0.360
October -2.649 0.091 0.100 2.082 0.204 4.465 0.101 0.092 4.090 0.275
November -2.558 0.149 0.175 3.686 0.488 4.299 0.125 0.111 2.450 0.080
December 5.007 0.248 0.199 2.230 0.025 3.445 0.111 0.100 1.097 0.002
January, 2000 1.788 0.077 0.072 1.720 0.299 0.788 0.024 0.024 1.362 0.563
February 1.529 0.062 0.058 1.628 0.348 -2.035 0.064 0.069 1.508 0.177
March -1.736 0.083 0.090 1.283 0.176 0.268 0.008 0.008 1.279 0.834
April -1.356 0.093 0.103 1.958 0.489 9.648 0.263 0.208 7.601 0.205
May 10.849 0.455 0.313 2.969 0.000 16.162 0.247 0.198 14.170 0.254
June 16.686 0.469 0.319 5.467 0.002 0.081 0.001 0.001 28.928 0.998
July 3.567 0.082 0.076 5.565 0.522 7.747 0.059 0.056 12.146 0.524
August 21.395 0.399 0.285 6.072 0.000 -8.131 0.042 0.044 10.902 0.456
September 29.755 0.517 0.341 8.888 0.001 12.472 0.102 0.092 10.807 0.249
October -29.171 0.480 0.924 6.539 0.000 -16.409 0.172 0.207 6.541 0.012
November 7.075 0.083 0.077 11.267 0.530 -3.934 0.027 0.028 10.158 0.699Table 5
PROFITABILITY OF TRADING RULES (average profit per MWh)
Monthly
Epoch North Early North Late South Early South Late
All Months 7.54  9.28  1.82  1.18 
(7.30) (5.85) (2.29) (0.85)
May-Dec, 1998 2.64  2.61  1.56  1.72 
(4.58) (2.27) (2.91) (1.53)
Jan-Aug, 1999 2.90  0.46  2.20  0.77 
(3.90) (0.40) (3.32) (0.68)
Sept 1999-April 2000 -0.59  3.41  0.39  3.21 
(-0.77) (2.47) (0.49) (2.33)
May-Nov, 2000 27.64  33.55  3.34  -1.28 
(7.40) (5.60) (1.03) (-0.23)
Weekly
Epoch North Early North Late South Early South Late
All Months 7.99  8.54  3.53  1.72 
(7.96) (5.52) (4.69) (1.29)
April 8-Dec 31, 1998 3.09  3.21  1.37  1.90 
(5.73) (3.19) (2.60) (1.91)
Jan-Aug, 1999 1.59  0.71  0.60  0.77 
(2.05) (0.61) (0.88) (0.69)
Sept 1999-April 2000 0.54  1.93  0.68  3.38 
(0.72) (1.38) (0.88) (2.46)
May-Nov, 2000 29.87  31.68  12.79  0.68 
(8.30) (5.21) (4.31) (0.12)
T-statistics in parentheses.)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HOURS OF CONGESTION
ISO Congestion PX Congestion ISO Congestion PX Congestion Both No ISO: N to S ISO: S to N
PX not congested ISO not congested Congested CongestionPX: S to N PX: N to S
Month
S to N 
Congestion
N to S 
Congestion
S to N 
Congestion
N to S 
Congestion
S to N 
Congestion
N to S 
Congestion
S to N 
Congestion
N to S 
Congestion
S to N 
Congestion
N to S 
Congestion N/A Reversal Reversal
April, 1998 11100 1 110000 7 0 800
M a y 01 0 0 00 1 00000 7 3 400
June 0 0 26 33 0 0 26 33 0 0 661 0 0
July 4 0 27 35 2 0 25 35 2 0 680 0 0
August 101 6 62 103 71 6 32 103 30 0 502 0 0
September 168 4 125 32 79 3 35 32 89 0 481 1 0
October 286 5 304 0 72 3 88 0 214 0 366 2 0
November 275 1 261 0 76 1 62 0 199 0 382 0 0
December 178 1 206 10 52 1 80 10 126 0 475 0 0
January, 1999 26 0 136 2 3 0 113 2 23 0 603 0 0
February 0 0 5 9005900 6 5 800
March 0 0 29 3 0 0 29300 7 1 200
April 0 0 0 12000 1 200 7 0 800
M a y 0 0 4 0004000 7 4 000
June 0 0 32 1 0 0 32100 6 8 700
July 0 0 189 11 0 0 189 11 0 0 544 0 0
August 51 0 202 8 7 0 158 8 44 0 527 0 0
September 224 3 416 0 26 1 216 0 198 0 277 2 0
October 256 8 547 3 44 5 332 3 212 0 146 3 0
November 243 8 455 0 16 0 220 0 227 0 249 8 0
December 18 0 312 0 0 0 294 0 18 0 432 0 0
January, 2000 46 0 301 0 9 0 264 0 37 0 434 0 0
February 18 0 90 43 16 0 88 43 2 0 547 0 0
March 18 1 80 123 6 0 68 122 12 1 535 0 0
April 4 46 35 175 2 14 35 141 0 32 494 0 2
May 44 42 69 218 21 9 48 183 21 33 427 0 2
June 83 2 271 96 24 0 214 92 56 1 329 1 3
July 1-17 32 4 62 65 14 0 42 63 18 2 267 2 0
July 18-31 61 30 89 119 17 1 49 86 39 28 110 1 5
August 280 9 295 249 76 2 109 224 184 5 122 2 20
September 329 12 376 82 116 5 164 74 208 3 141 4 5
October 460 19 508 13 103 5 142 8 352 0 116 14 5
November 460 26 529 1 92 8 143 1 368 0 90 18 0
December 204 36 566 49 15 2 347 45 185 0 112 34 4
January, 2001 85 51 404 0 48 25 341 0 37 0 267 26 0
February 44 58 0 0 44 580000 5 7 000
March 47 50 0 0 47 500000 6 4 700
April 227 20 0 0 227 200000 4 7 300
M a y 6 02 5 0 0 6 0 2 50000 6 5 900
June 0 0 0 0000000 7 2 000Figure 1a













































































































PX Price NP15Figure 1b













































































































PX Price SP15Figure 2



























































































































































































































































1-Jul 4-Jul 7-Jul 10-Jul 13-Jul 16-Jul 19-Jul 22-Jul 25-Jul 28-Jul 31-Jul
ISO-PX NP15
ISO-PX SP15Figure 5
Percentage of Total EWG Generation Sold Through the ISO
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